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The long-term durability of the endovascular
exclusion of an abdominal aortic aneurysm (AAA) is
dependent on the secure attachment at the proximal
and distal attachments sites. Dilatation of the
infrarenal neck over time might lead to distal stent-
graft migration that would result in perigraft leak-
age. The risk of rupture in the unexcluded AAA will
persist.1,2
Knowledge about the long-term fate of the
infrarenal neck and about the long-term durability
of the proximal stent attachment is vital in the
design of new stent grafts. However, this informa-
tion is not available presently and will not be avail-
able until a long-term follow-up study is reported.
An option for the gain of information about the
long-term fate of the infrarenal neck would be the
analysis of the changes in the dimensions of the
infrarenal neck after open aneurysm surgery. At the
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Purpose: The long-term success of the endovascular repair of abdominal aortic aneurysms
is dependent on the secure fixation of the stent graft at the proximal and distal attach-
ment sites. A progressive dilatation of the infrarenal neck may jeopardize this success.
The data regarding this issue are scarce. However, the long-term fate of the infrarenal
neck can be studied in patients who have undergone open aneurysm surgery. This was
the purpose of the present investigation.
Methods: Between January 1989 and December 1993, 64 patients underwent open repair
of infrarenal abdominal aortic aneurysms. Of the 36 patients who were eligible for the
study, 19 had preoperative computed tomography scans that were available. The 19
patients also underwent a new computed tomography scanning at a mean of 71 ± 12
months after surgery.
Results: The mean preoperative aortic diameter was 25.4 ± 3.7 mm at the infrarenal neck,
24.8 ± 3.4 mm at the level of the renal arteries, and 26.7 ± 3.0 mm at the level of the supe-
rior mesenteric artery (SMA). The mean aortic diameter increased at all of the 3 levels:
+2.8 ± 3.1 mm (P = .0014) at the infrarenal neck, +2.8 ± 3.0 mm (P = .0013) at the level
of the renal arteries, and +1.3 ± 3.0 mm (P = .080) at the level of the SMA. The annual
growth rate was 0.48 mm/y (P = .0023) at the infrarenal neck, 0.46 mm/y (P = .0010)
at the level of the renal arteries, and 0.21 mm/y (P = .5811) at the level of the SMA. No
correlation was found between the preoperative infrarenal neck diameter (r = .295, P =
.2194), the preoperative aortic diameter at the level of the renal arteries (r = .302, P =
.2088), and the preoperative aortic diameter at the level of the SMA (r = .314, P = .2043)
and the corresponding growth rates. The patients were stratified into 2 groups—one with
a small annual growth rate at the infrarenal neck (n = 11; ≤0.3 mm/y) and one with a larg-
er annual growth rate (n = 8; >0.3 mm/y)—and no differences in the preoperative
infrarenal neck diameter or the clinical characteristics were found between the groups.
Conclusion: This investigation shows an aortic dilatation of the infrarenal neck and of
the aorta at the level of the renal arteries of approximately 0.5 mm annually after open
aneurysm surgery. This dilatation raises concern regarding the long-term success after
endovascular repair. The data also indicate that 2 populations might exist with regard to
the annual growth rate of the infrarenal neck—one with low growth rate and one with
higher growth rate. This might be of interest for the future selection of patients for
endovascular repair. (J Vasc Surg 1998;28:889-94.)
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present time, to the best of our knowledge, only 2
investigations have addressed this issue.3,4 One
showed an infrarenal neck dilatation of 1 mm after
almost 4 years of follow-up,4 and the other showed
a 4-mm increase after 7 years of follow-up.3 In addi-
tion to those measurements, we also wanted to
investigate the renal and suprarenal aortic segment
to include the whole area of interest for the proximal
stent attachment of the endovascular grafts for the
exclusion of AAAs.
The aim of this present study was the retrospec-
tive analysis of the fate of the aorta after open AAA
surgery at the level of the infrarenal neck, at the level
of the renal arteries, and at the superior mesenteric
artery (SMA).
METHODS
Between January 1, 1989, and December 31,
1993, 64 patients who lived in Malmö underwent
elective open repair of infrarenal AAAs at Malmö
University Hospital, Lund University, in Sweden.
During follow-up, 28 of these patients died. Of the
remaining 36 patients, preoperative computed
tomography (CT) scans were found for 29 patients.
These patients were offered a repeat postoperative
CT scan. Nineteen patients accepted and were
included in the study.
The patients who were excluded from the study
(n = 45; mean age, 76 years) were older than those
who were included (n = 19; mean age, 73 years).
The data on the preoperative maximum AAA diam-
eters in the excluded group are incomplete because
of missing films and records and cannot be com-
pared with the study group. The cause of death was
sought for the patients who were deceased. These
data were incomplete, and most of the patients did
not undergo autopsy. Among the patients who did
undergo autopsy, 1 patient died as a result of a rup-
tured proximal anastomotic pseudoaneurysm and 2
died of ruptured thoracic aneurysms. The most
common causes of death were related to coronary
artery disease.
The operative records were reviewed to deter-
mine the types of graft material and graft configura-
tion (straight or bifurcated) that were used. Our gen-
eral policy is to use grafts with a diameter smaller
than that of the neck because our Dacron grafts
dilate (an average of 36% in the present investiga-
tion). The size of the graft is determined during the
operation by the individual surgeon. It is not only
determined by the size of the proximal neck but also
by the size of the distal neck. It was not possible to
determine from these records the distance between
the renal arteries and the graft. Our institution’s pol-
icy concerning surgery for infrarenal aortic aneurysm
is to suture the proximal anastomosis just caudal to
the lowest renal artery.
After discharge, the patients were examined
clinically from the hospital 1 month and 1 year
after surgery. No CT examinations were performed
routinely.
The preoperative CT scans were obtained with
4-mm to 16-mm thick slices (mean, 11 mm). The
postoperative CT scans were made with 5-mm table
movement, 5-mm beam collimation, and 3-mm
axial reconstructions. The CT images were present-
ed as axial scans. The aortic diameters were obtained
from wall-to-wall at the widest part of the vessel in 2
transverse dimensions perpendicular to each other.
The minimum internal diameter was used to repre-
sent the true diameter of a potentially tortuous ves-
sel. The measurements were obtained with callipers
and a calibrated scale provided on the film.
The aortic diameter was measured at the follow-
ing 3 levels: the infrarenal neck, the renal arteries, and
the SMA. The measurements of the infrarenal neck
were obtained in the following manner: On the pre-
operative CT scans, a segment of the infrarenal aorta,
which had been judged to have the suitable charac-
teristics of a neck, was identified. Its level below the
renal arteries was determined by the identification of
the renal arteries and by the counting of the number
of slices down to the chosen level. The corresponding
level then was identified and measured on the post-
operative scans. In 2 cases, the level chosen was found
to be below the level of the graft placement. In these
cases, a higher level was chosen in the same manner as
described above. All of the measurements were made
by 1 physician in a blinded fashion. The intra-observ-
er variability was determined by the measurement of a
portion of the neck twice in random order. The pre-
operative sizes of the grafts were those that were given
by the manufacturer.
Statistics. The results are expressed as the
mean ± the standard deviation of the mean unless
otherwise indicated. The Wilcoxon rank sum test
was used for the comparison of the paired data.
The differences between the groups were assessed
with the Mann-Whitney test. A P value of less than
.05 was chosen as the level of significance. The cor-
relations between the preoperative aortic diameter
and the rate of growth during the follow-up period
were determined with linear regression analysis 
by the method of least squares. One sample sign
test (nonparametric) was used for estimating the
growth rate.
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RESULTS
Background data. The postoperative CT scans
were performed on 19 patients (14 men, 5 women),
with a mean age at postoperative scan of 73 ± 7
years. The preoperative mean maximum aneurysm
diameter was 56 ± 13 mm. The mean follow-up time
was 71 ± 12 months (median, 70 months; range, 55
to 105 months).
Evaluation of the methodology. For the intra-
observer paired data, 50% showed no difference. No
pair differed by more than 1 mm (n = 18; 1 patient’s
CT scan was not found at the time of the second
evaluation of the diameters).
Change in aortic diameter at the level of the
infrarenal neck, renal arteries, and superior
mesenteric artery. Table I shows the overall
changes of the aortic dimensions at the 3 levels of
measurement. The diameter change was calculated
with the comparison of the preoperative and postop-
erative diameters. The aortic diameter increased at all
3 levels. The statistically significant increases were
seen at the infrarenal neck (P = .0014) and at the
level of the renal arteries (P = .0013) but not at the
level of the SMA (P = .080). Fig 1 shows the indi-
vidual aortic dimensions at the infrarenal neck before
and after surgery. There was no correlation between
the increase in the infrarenal neck diameter and the
follow-up time (r = .020; P = .934) or between the
increase in diameter at the level of the renal arteries
and the follow-up time (r = .263; P = .278).
Growth rate of the aorta at the infrarenal
neck, the renal arteries, and the superior mesen-
teric artery. Table II displays the growth rate at the
different levels of measurement. The growth rate
was significant at the infrarenal neck (P = .0023) and
at the level of the renal arteries (P = .0010) but not
at the level of the SMA (P = .5811).
Correlation between preoperative aortic
diameter and growth rate. There was no correla-
tion between the preoperative infrarenal aortic neck
diameter (r = .295; P = .2194), the preoperative aor-
tic diameter at the level of the renal arteries (r =
.302; P = .2088), and the preoperative aortic diam-
eter at the level of the SMA (r = .314; P = .2043)
and the corresponding growth rate.
The patients were stratified into 2 groups, with
respect to the annual growth rate of the infrarenal
neck—≤0.3 mm/y (range, 0.3 to –0.2 mm/y; n =
11) and >0.3 mm/y (range, 0.5 to 1.5 mm/y; n =
8). The limits were chosen from the impression that
2 populations existed in regards to an increase in the
neck size over time in Fig 1, one which increased
slightly and another which increased more. No dif-
ference in the preoperative neck diameter was
observed between the 2 groups (group 1: n = 11;
preoperative neck diameter, 24.9 ± 3.9 mm; group
2: n = 8; preoperative neck diameter, 26.1 ± 3.6
mm; P = .581). The annual growth rate for the 2
groups at the level of the renal arteries was 0.28
mm/y in the former and 0.7 mm/y in the latter (P
= .148). No difference in the clinical characteristics
(gender or age) was observed between the 2 groups.
Fig 2 shows a schematic drawing of the increase
in diameter of the infrarenal neck after open
aneurysm surgery in the individuals with AAA as
compared with the individuals with a normal healthy
infrarenal aorta. The size increase is approximately 5
times faster in the individuals with AAA. The data on
the aortic diameter increase in healthy individuals
are on the basis of the cross-sectional data that pre-
viously was published by us.5
Graft diameter. All of the grafts were made of
Dacron: 4 were bifurcated, and 15 were straight.
The preoperative graft diameter was 15.0 ± 1.6 mm,
and the postoperative graft diameter 20.3 ± 1.4 mm
(P = .0002). The increase in the graft diameter was
36% ± 15%. There was no correlation between the
increase in the size of the graft and the increase in
size of the infrarenal neck (r = .258; P = .3014).
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Fig 1. Individual aortic dimensions at infrarenal neck are
shown before surgery and at end of follow-up. There is
individual variation with a mean increase of 2.8 ± 3.1 mm
(P = .0014).
DISCUSSION
The present investigation shows that the
infrarenal neck and the aorta at the level of the renal
arteries increase in size by approximately 0.5 mm
annually after open aneurysm surgery for a mean fol-
low-up time of 6 years (Fig 1). There was no corre-
lation between the initial preoperative neck diameter
and the growth rate. The data indicate that the
patients can be divided into 2 populations with
regard to the increase in neck size—one with a low
growth rate, and one with a higher growth rate.
There are several limitations to the measure-
ments that were made, especially of the infrarenal
neck, that should be kept in mind. First, the quality
of the preoperative CT scans, with thicker slices than
the postoperative scans, made the identification of
the corresponding segment of the neck for measure-
ment more difficult. Second, on the preoperative
scans, the neck was sometimes angular, whereas on
the postoperative scans, the graft had straightened it.
However, the diameter at the level of the renal arter-
ies was always measured easily and showed the same
result as in the infrarenal neck, which indicated the
validity of the latter measurement. Third, the mea-
surements were made with callipers on the hard
copies and not with a computer-aided planimeter
because it was not possible to do this in the older
preoperative scans. However, the intra-observer
variability in this investigation showed that the mea-
surements are reproducible with intra-observer pairs
that differ by less than 1 mm in 100%.
The short-term data, 1 to 2 years follow-up
regarding the fate of the infrarenal neck after the
endovascular exclusion of the AAAs, have been
reported by several groups. The level of measure-
ment in the infrarenal neck and the different length
of follow-up time appear to have influenced the
result. Two investigators made their measurements
of the infrarenal neck at the level of the stent. Malina
et al6 showed a 2-mm increase, and May et al7
showed a 3-mm to 4-mm increase, after 12 and 18
months of follow-up time, respectively. The increase
that was shown by May et al7 was seen already 6
months after the stent-graft placement. No further
progress was seen after this time, which indicates
that it may have been a result of deliberate stent-
graft oversizing. It also is likely that the increase
reported by Malina et al6 is related to the stent.
Matsumara et al8 and Broeders et al9 measured at
the top end of the stent and saw no change in the
infrarenal neck diameter at 12 months of follow-up.
Sonesson et al,10 who chose the level of measure-
ment at 3 mm below the most caudal renal artery,
found a progressive increase of the infrarenal neck of
1.6 mm after 2 years of follow-up. Thompson et
al,11 who measured the juxtarenal aorta, found a
median 0.16-mm annual increase. In summary, 2 of
these 5 short-term studies after endovascular graft-
ing showed an increase of the infrarenal neck that
was less likely to be attributed to the stent.10,11 The
latter studies were also the ones with the longest fol-
low-up time.
The previous long-term reports (>4 years) regard-
ing the fate of the infrarenal neck are scarce and are
completely lacking data for after the endovascular
exclusion of AAA. Two reports with data for after
open AAA surgery support the findings of this study
(ie, that the infrarenal neck increases in size over
time).3,4 It is also known that the neck may become
aneurysmal above the proximal anastomosis after
open aneurysm surgery, even if this is unusual.12,13
The study by Illig et al3 corresponds well to the
present study with regard to the design. Their main
result, a 0.6-mm annual increase of the infrarenal neck
after a 7-year follow-up period, is in accordance with
the main result of our study (Fig 2). However, we do
not agree with their conclusion that the necks with ini-
tially larger diameters (>27 mm) dilate more than the
smaller necks do because we could not show a correla-
tion between the initial neck size and the growth rate
of the neck. However, our number of patients with ini-
tially larger infrarenal necks was small (n = 4), which
made the data hard to interpret statistically. The con-
clusion that was reached by Illig et al,3 that the larger
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Fig 2. Schematic drawing of increase in aortic diameter
of infrarenal neck is shown after open aneurysm surgery in
individuals with abdominal aortic aneurysm and is com-
pared with data obtained cross-sectionally from individu-
als with normal healthy infrarenal aortas. The increase is
approximately 5 times faster in individuals with abdominal
aortic aneurysm.
necks dilate more than the smaller necks, is, in fact,
contradicted by themselves because they too failed to
show a correlation between the initial neck diameter
and the growth rate.
Furthermore, the visual impression that is given
by Fig 1 is that the patients can be stratified into 2
populations—one with a low annual growth rate
(≤0.3 mm/y; n = 11), and another with a larger
growth rate (>0.3 mm/y; n = 8). However, it was
not possible to find a difference in the initial neck
size or in the clinical characteristics between these 2
groups. To obtain a better statistical power in the
calculations, a larger number of individuals would
have to be included. It might be of help in the selec-
tion of patients for endovascular repair if the indi-
viduals who will have a subsequent dilatation had
specific characteristics. The view that there might be
2 populations with respect to future infrarenal neck
dilatation is supported by the recent angiographic
publication by Lipski and Ernst.4 In their retrospec-
tive study with 42 months of follow-up, the authors
found an average aortic dilatation of 1 mm.
However, in a subgroup that consisted of 8% of the
patients, the dilatation was more than 5 mm.
Do our data and the data from Illig et al3 and
Lipinski and Ernst4 represent the true fate of the
infrarenal neck in aneurysmal disease? We know from
cross-sectional studies that the natural course of the
infrarenal aorta is a progressive dilation with increas-
ing age.5 The recalculation of the data on the healthy
aorta that was previously published by us implies that
the growth rate of the neck in this study is 5 times
greater than that seen in the healthy aorta (Fig 2).5
One must, however, keep in mind that this is a com-
parison between the cross-sectional and the longitu-
dinal data and therefore might be an overestimation.
After open aneurysm surgery, there are factors
that might restrict and promote the expansion of the
neck. Immediately after aneurysm surgery, the neck
might even be smaller than before surgery because a
continuously sutured anastomosis may have the
effect of a purse-string. It also might provide a teth-
ering effect, which would restrict the increase in size
of the infrarenal neck during the follow-up period.
There are, however, also factors that might promote
the dilatation of the infrarenal neck. The pulsatile
load above the anastomosis may increase after con-
ventional grafting, which may increase the expansion
rate of the neck. This would be because the pulse
pressure increases and because the rise of pressure
(dp/dt) becomes steeper when the pulse wave enters
a graft that is much stiffer than the native aorta. In
addition, the wave reflection from the bifurcation is
added to the incoming pressure wave, at least in
those individuals with a bifurcated graft,14-16 which
results in a local high-pressure zone that might pro-
mote dilatation.
One of the main factors that determine whether
endovascular AAA repair is suitable or not for a
patient is the presence of a proximal neck. To obtain
a sufficiently long proximal anchoring site, it has
been suggested that one should place the proximal
stent adjacent or across the renal arteries, which
thereby supposedly anchors it in a healthier tissue
less prone to dilate. However, our results indicate
that this part of the aorta also dilates with the risk of
stent migration and endoleakage in the future.
In conclusion, there is a significant aortic dilata-
tion of the infrarenal neck and of the aorta at the level
of the renal arteries after open aneurysm surgery. The
data also indicate that there might be 2 populations
with regard to the annual growth rate at the infrarenal
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Table I. A compilation of the overall changes of the aortic dimensions at the 3 levels of measurements
Level of measurement Before surgery (mm) After surgery (mm) Difference* (mm) P value
Infrarenal neck 25.4 ± 3.7 28.2 ± 5.2 2.8 ± 3.1 .0014
Renal artery 24.8 ± 3.4 27.6 ± 5.1 2.8 ± 3.0 .0013
Superior mesenteric artery 26.7 ± 3.0 28.0 ± 4.9 1.3 ± 3.0 .080
*Difference between measurements before and after surgery.
Table II. A compilation of the growth rate at the different levels of measurement
Level of measurement Rate of growth (mm/mo) Rate of growth (mm/y) P value
Infrarenal neck 0.040 ± 0.044 0.48 .0023
Renal artery 0.038 ± 0.041 0.46 .0010
Superior mesenteric artery 0.018 ± 0.041 0.21 .5811
neck—one with a low growth rate, and one with a
higher growth rate. It would be of clinical value if
these 2 groups could be distinguished from each
other in the selection of patients for endovascular
AAA exclusion. At the moment, this is not possible.
If the dilatation is of the same magnitude after
the endovascular AAA exclusion, as with the above
results, this might predispose for distal stent-graft
migration resulting in perigraft leakage and an unex-
cluded aneurysm. In the design of the new stent-
grafts, attention must be directed at the develop-
ment of a secure proximal fixation.
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